(12) United States Patent

US007010374B2

10y Patent No.: US 7,010,374 B2

Tanaka et al. 45) Date of Patent: Mar. 7, 2006
(54) METHOD FOR CONTROLLING 6,197,123 B1* 3/2001 Poag et al. ................... 134/18
SEMICONDUCTOR PROCESSING 6,274,500 B1* 82001 Xuechun et al. ............ 438/706
APPARATUS 6,277,235 B1* §/2001 Wing et al. ............ 156/345.33
6,325,948 B1* 12/2001 Chen et al. ................... 216/67
(75) Inventors: Junichi Tanaka, Tsuchiura (JP); 6,360,132 B:h * 0 3/2002 Lm' etal. ..oooiiiiiiiial, 700/97
Hideyuki Yamamoto, Kudamatsu (JP); 6,383,402 B1* 5/2002 Smith et al. .................. 216/60
4 010, Atlcamat ’ 6,449,521 B1*  9/2002 GUPLA +verererrerrren. 700/121
Shoji Ikuhara, Hikari (JP); Akira 6.603,538 B1* 82003 Oluseyi et al. ..o............ 356/72
Kagoshima, Kudamatsu (JP) 6.764.606 B1*  7/2004 YaNase ......oooveveevn... 216/75
_ _ o _ 2003/0045131 A1* 3/2003 Verbeke et al. ............. 438/795
(73) Assignee: Hitachi High-Technologies 2003/0119328 Al*  6/2003 Fujisato .......ccoceen...... 438/709
Corporation, Tokyo (JP)
FOREIGN PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this WO WO 02/03441 1/2002
patent 1s extended or adjusted under 35 | |
U.S.C. 154(b) by O days. * cited by examiner
_ Primary Fxaminer—Leo Picard
(21) - Appl. No.: 10/377,827 Assistant Examiner—Alexander Kosowski
- 74) Attorney, Agent, or Firm—Antonelli, Terry, Stout and
22) Filed:  Mar. 4, 2003 ( Y, Agent, , Terry,
(22)  File 5 Kraus, LLP.
(65) Prior Publication Data (57) ABSTRACT
US 2004/0175880 Al Sep. 9, 2004 _ _ _
A method for controlling a semiconductor processing appa-
51 Int. CL ratus including a vacuum processing chamber, a plasma
(51) g P g P
GOGF 19/00 (2006.01) apparatus for generating plasma inside the vacuum process-
(52) US.CL oo, 700/109; 700/110; 438/905 ~ 1ng chamber, and a process controller for controlling a
(58) Field of Classification Search ................ 700/109, process by holding a process recipe including plasma clean-
700/110: 216/2. 67: 118/715: 702/183 ing of mnside of the vacuum processing chamber constant,
’ ’ 70?2 /185: 43% 1709 905 comprises the steps of detecting process abnormality of the
See application file for complete Searl:h history? process on the basis of sensor data detected by sensors
arranged 1n the semiconductor processing apparatus, and
(56) References Cited executing a recovery step tor removing deposition deposited
inside the vacuum processing chamber when abnormality 1s
U.S. PATENT DOCUMENTS detected.
5,658,423 A *  §/1997 Angell et al. .................. 438/9
6,146,492 A * 11/2000 Cho et al. .............. 156/345.24 12 Claims, 9 Drawing Sheets
S101 S102 81803 S104 81505
WAFER PROCESS NO WAFER h PROCESS WAFER A
PROCESSING ABNORMALITY \ PROCESSIN(:’:) ABNOR?MALITY EF{OCESSIN%
/ 7 .
YES - |
S107
TO STEP
I S106
RECOVERY
STEP DETERMINATION, .~ SUCCESS
5106 FAILURE
Y
STOP OF
APPARATUS [~~~ 2108

l

MAINTENANGE
OF APPARATUS = ©109




SNLvHvddyv 40
6015 JONVNILNIVIA

US 7,010,374 B2

SN1vdvVddV
8015 40 dO1S

=) = =1 A0 LS

=

o

S SS300NS _NoILYNINH3 13 431S

7 IHMIV4/SSIDONS AHINODTH

901S AHIAOO3H
d31S Ol

= LOLS

—

@\

e~ S3A S3A

~

= | | ;

é
DONISSIO0Hd ALIMYINHONGY DONISSIO0Hd ALIYWHONGY DONISS300dd
d34dVM SS3IN0OHd d34dVM ON SS3INOHJ d34VM

5
= GOLS 70LS €01S 201S LOLS
e
) NI
-



U.S. Patent Mar. 7, 2006 Sheet 2 of 9 US 7,010,374 B2

FIG.2
6
5
4 REFERENCE
RANGE
(ALLOWANCE
RANGE)

1 X ACTUAL MEASUREMENT VALUE BY CDSEM
@ INDEX CALCULATED FROM SENSOR DATA

0 5 10 15
WAFER NUMBER WITHIN LOT

RELATIVE VALUE OF PROCESSING SIZE
W



U.S. Patent

PRINCIPAL COMPONENT SCORE

5000
4500

4000
3500
3000
2500
2000
1500

1000
o000

PRINCIPAL COMPONENT SCORE

-1000

-2000

-3000

-4000

-5000

-6000

Mar. 7, 2006 Sheet 3 of 9

FIG.3A

US 7,010,374 B2

CLEANING

CLEANING TIME (SEC)

FIG.3B

CLEANING 2

0 S 10 15

CLEANING TIME (SEC)

REFERENCE
RANGE

REFERENCE
RANGE



74 B2
US 7,010,3

7, 20006 Sheet 4 of 9

Mar. 7,

ent

U.S. Pat

FIG.4
1 4




374 B2

010

Y

US 7

Sheet 5 of 9

Mar. 7, 2006

U.S. Patent

; é ;
ALTTYWHONEY  [a—{ ONISSID0Hd g 1 a1 wWHONEY [e—{ DONISDID0d o & 4 [1TyWHONEY
953004d 33V $$300Hd 33V 553004

LICS 9lcS SERAS XA eleS
SNLYHVddY 40
ONYNALNIVIN [ HFES

snivdvddy ~~0bES
40dOIS 1 gg3090ns| 802S - ON
NOILYNINEZ 130 %
dals ALITYNHONEY
NIV FVE2539900 AHIAOO3Y [S3A SS300HC

FAVAS

ONISS300dd
H34VM

cleS
DONISSIO0H LOT

?

7

AITVWHONEY ONISS300Hd (o - __ | AlTvinHONSY ONISS300dd ALTYIWHONSY
$53004d 234V SS300Hd HvI $5300Hd
S
90cS G0cS 70eS £0cS 0SS
99|

ONISS300Hd
Hd31VYM

L0CS
ONISS3FO0Hd LO1 —




US 7,010,374 B2

Sheet 6 of 9

Mar. 7, 2006

U.S. Patent

; :
o] AUTWHONEY ONISSIOOH A LYWHONGY HNISSIOOHd
S$300Hd d433VM SS3N0HA H34YM

&
AL TWINHONEY
$S4004Hd

DNISSID0Ha
dd4VM

8LES LIES 91ES GLES 142328 ELES
DNISS300dd LOT

SN1lvdVddyv 40
AONVYNILNIVIA ClES

SNLYHVYddY [ HEES

40 dO1S SSI99NS 80ES ON LOES
;
NOLLYNINER 3G - ~O 1LAIN NOLLANOD
THMTIY4/SSIDINS d315 e ATvAre SS300Hd 40
3HNTIV AHIAOD3H AHIA003H | §3A NI AL IEONS NOLLVGIDILNY ON3H
OLES 80€S
; : m
ONISSIOOHd |« . ONISSIOOHd HONY e ONISSTIO0Hd
friiis i d3JIvVi " SSE000d d33VM N 300 d34VM
90€S G0ES 70ES £0CS ¢0ES LOES

ONISS300dHd 101 —

L9l




U.S. Patent Mar. 7, 2006 Sheet 7 of 9 US 7,010,374 B2

N N 6
) )
z c
z S S
= ®
% % ®
L] LLI
: 3 4
; ¢ | °
n L 3@
e ®
LL] LLJ
=) -
= 2 e R e e E e L LR LT
S >
L LL
> > 1-
< > LOT X+1
— —
N L 0 — —
0 5 10 15 0 5 10 15
WAFER NUMBER WITHIN LOT WAFER NUMBER WITHIN LOT
MEAN VALUE 3.5 OF INDICES MEAN VALUE 4.2 OF INDICES

N 6
)
O
Z 5
N
N
O 4
O 4 ANTICIPATED
. ABNORMALITY
L 3
S
LL]
2 2J[ ..............................
-
Ll
= 1
> LOT X+2
- —
% 0
0 5 10 15

WAFER NUMBER WITHIN LOT
MEAN VALUE 4.9 OF ANTICIPATED INDICES



US 7,010,374 B2

Sheet 8 of 9

Mar. 7, 2006

U.S. Patent

FIG.9A

P 1 e byt

"llllll!lii‘l‘lil!l
3

- -
4 o WY e s A R R R T W W = W e e
e B W W E W e N W A W W W W w dr o e
r o N W P O e om kA MWW W W W W W
- W W E W m ok R A M A AW N W W™
& . O E W m e & A A E E wmw www ow b
A& 4 Em E E & & E & E & & m W W W g o s
- & g & h & H @ Y FFPFTF=& & = & &
- e m m E @ wmw = w &k s EH S & & F W
—am m wow = = § B A LA B F F T W ¥ & &
- e o & W F m v w F kA& L E S AW T W
- E E e m oam & & AR W W ™ W W™ = om
- W W W = == o Er ok & A W W W W oy ph
= & & = = = m % ¥ & & & & & = F T F
- E B E F W = = EEEa s rw W
- o & W w m = ok e E S EF W F T
- s & m & * m w b o4+ & L A A F FFE
= wh & W W W F w ¥ ¢ @ & & & & & F W =
& o E W s W e sk kN AR F W W =
& . aE = E uw w4t & & E =2 mw v w w &
- & & & W W ™ E & ™ = om EE & W~
.l....-..-.llll..l.ll_.l_-u.l..u..rl..u
- E e m om m o & W W o ko o &
> W = om o om om omeom e AL FE = mw Ew
- W W wmom m o o A N R R F W ™ = om ok
= g o dy m sk & & & W F W % ow & ok o &
A 4 W W w = om o omhk o Ak E W W W == om dw dw
B e B B W W 4 om m om om & F = ow o=
A& B S F A T T = = . sk W W W e W m = om
- M W W W W W = s o e . W W mowm W o=
- = 4 & A& FE EH F & = m=m & & B8 @ EW
- A B E N T E e = & & S A F T -
- o W e w e d = ERE S R T -
 ow A& & F N B B T = T = = &R F =
- m o BE F W W W= gy =m o= wm & F O FF R
E N W W e oy A A R F = yF & w
- = B =& B & v & B B B R B BT F -
> m b m e B E ¥ R F R EFEFE®
S B BB S B F Y = = & & B BB B
- owe g e A R S w w =y & m FRF O
= o o w wreom e odm B BN BFW = o ok & A
oW o mr o A % W W = = A B S SF
- oy g s ode M N F W W = e & BB
o B W sk o opm k- ER W v W = e & B &
A B W T we o= o=k A A S L A R W R W W
- E o oem odm e e ok M B & W W = o e
- E B W W W we da s e B W W G W =m odm o
i mis Mk B B W We o me ome ode ok o O R W W W ™

- s F O w sk e BN F S B RO

F F 4 F I 4 ¥
P A I A A
s g A A A F W p o8 At F
P A I I D I B D L
P R A
P I I I R R L
A N . I D
|.._..__._-_-.._\.‘h‘_._t._.__._
-__-_.__vl...._..-_._.l_‘._._l..._-.
P A O R R L
I T Y I
PR R A T A
A or o2 B 4 F oy rprd
“‘.ﬁ‘.‘“h“l‘“
e I A L
P I R
P A . R R L
PREFREFEEFEEE I N A A L
P N B A L
.‘-._1.,_..1.-.___.___;....___-_.-_
P A O R L
\__-,._.___.__..._..._1-..1..._‘.___11
._.__._h_____uh_._-_i_____-._._-__.
P I I A I IR I S
PRI A L
\l_...__...._._.-__.__-_ht._._ﬁ..._
lt.‘.‘h\%l.l-_\t.‘_tt
Y TR B A
s & 2 F & ¥ ¥ ¢ o+ F A 22
# 2 0 F a4 oF ¥ P L2 FS
.-__h._._l_.._l.-___..-..-.__-_t.h_l
e R A L
P A L
P T I A R R B R
-h‘.ﬁtnin_-._-.t_-ih
4 @4 & F 4 a4 P & 4 F F & F T
»y o 0 @ o4 4 F 5 ¥+ Fr Fox
i!l_uiblhhihlih
e A T R T R
a2 ® o8 0 F X & F b porosoad
P Y
“.kil.ﬁ“‘.‘““
.___.___......_._15____..;_-___._._.-__4
_._t.t-.___.ll_uh..tt\t\_
PRI R N R I B L
\‘I-I‘..l.-l..‘.‘l.‘.‘.‘.\
___.....___.h.._.,.____..___.__.__._ﬁu
PR T I I T /
‘.‘..l‘i.ll.\.“.l.‘.ﬁ\
P N DL T L PO
e A I I I R L
F A F F @ F ¥ p FF .__.-__-
P A I A L
s # B W F oy L ,
...-__._I_-.unn_._._.._-.___th
PR A N Y S R R
P e A I I T
e I N L L I B I
P IR L L
N Fr A
£ v opgow & T e Fuopot oy
e I L T R A A
P L Y L B e
R T T R B R Y
s 4 T8 p F a8 ox 9 & F
s o+ £ "0 & A oFr s oy op R Lo
P A Y N I T B A
PR e N I A
P I R T R R I R
a F 2 oa ¥ P A A



US 7,010,374 B2

Sheet 9 of 9

Mar. 7, 2006

U.S. Patent

TOHLNOO TOHLNOD
Ad103Y 341034
w TVINHONGY TYNHONEY

LS

ONISS300Hd|. ¥ m%_m%wm ONISSIDOHd m%_m__%ﬁm ONISSIO0OHd
H34VM TWYNHON SSIN0Hd d44VM IVYINHON SS3N0Hd d34VM
GS S €S CS 1S

SNLYHYddY | SNLYHVYddY
40 dO1S £35S J0doLs [ 99
TYINHONEY TYWHONSEY

SISONDVIA
NOILIANQOD
SS3004d

SISONDVIA
NOILIONOD
SS3004dd

ONISS3004dd ONISS3004dd DNISS300Hd

d33VM

HI4VM | IvIWHON dd4dVM | TyINHON

GS 7S €S - Z2S 1S
VoI DIl




UsS 7,010,374 B2

1

METHOD FOR CONTROLLING
SEMICONDUCTOR PROCESSING
APPARATUS

CROSS REFRENCE TO RELATED
APPLICATION

This application 1s related to U.S. application Ser. No.
09/945,691, filed Sep. 5, 2001.

BACKGROUND OF THE INVENTION

This mvention relates to a method for controlling a
semiconductor processing apparatus. More particularly, the
invention relates to a method for controlling a semiconduc-
for processing apparatus which method can operate the
apparatus at a high rate of operation.

Processing performance of a semiconductor processing
apparatus such as an etching processing apparatus varies
with time as waler processing 1s repeated. When this change
with time proceeds, processing shape or size of a waler
surface structure acquired by etching process change gradu-
ally and a processing size eventually falls off from a man-
agement reference value—falls out of a control limit. In
other words, abnormality of a process condition (process
abnormality) develops.

FIGS. 9A and 9B are explanatory views useful for
explaining causes of the occurrence of process abnormality.
FIG. 9A shows a processing chamber (vacuum processing
chamber) under a clean state immediately after wet cleaning.
FIG. 9B shows a state where deposition 1s developed onto an
inner wall surface of the processing chamber as the wafer
processing 1s repeated. In the drawings, reference numeral 1
denotes the processing chamber. Reference numeral 2
denotes a sample placement electrode on which a sample to
be processed 1s placed. Reference numeral 3 denotes a
sample such as a waler. Reference numeral 4 denotes plasma
that 1s generated 1nside the processing chamber. Reference
numeral 5 denotes deposition developed onto the inner wall
of the processing chamber.

When water processing 1s repeated and the deposition 1s
developed onto the inner wall surface of the processing
chamber as shown 1n FIG. 9B, the condition of the plasma
changes due to interaction between the deposition and
plasma generated inside the processing chamber, and the
change of the plasma condition results in the change of the
processing shape (processing size) of structures on the
waler.

The gradual change 1n the processing shape resulting from
the change with time finally exceeds a control limit and
induces a critical problem of performance of semiconductor
devices fabricated on the wafter surface. In other words, a
process abnormality as described above develops.

FIG. 10A and FIG. 10B explain a process when a process
abnormality develops. FIG. 10A shows an example where
the process 1s stopped upon the occurrence of the process
abnormality. FIG. 10B shows an example that changes a
processing method (recipe) of a next wafer when the process
abnormality develops.

In the example that stops processing when the process
abnormality develops, a processing result 1s diagnosed at the
end of (or during) wafer processing on the basis of sensor
data of the wafer process (Steps S1 and S2) as shown in FIG.
10A. Processing of the next wafer 1s stopped when the
processing result proves abnormal (Step S6), but is con-
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2

ducted when it is normal (Step S3). This operation 1is
thereafter repeated successively for each wafer (Steps S4, S§
and S7).

In the example that changes the processing method
(recipe) of the next wafer when the process abnormality
develops, the processing result is diagnosed at the end of (or
during) the wafer processing on the basis of the detection
data of the monitors (Steps S1 and S2) as shown in FIG.
10B. When the processing result proves abnormal, the
processing method of the next wafer is controlled (that is,
the recipe is changed) and the next wafer is processed (Steps
S6 and S3). When the processing result proves normal,
processing of the next wafer 1s conducted without changing
the recipe (Step 3). This operation is thereafter repeated
successively for each wafer (Steps S4, S5 and S7).

SUMMARY OF THE INVENTION

According to the method that stops processing whenever
an abnormality develops (FIG. 10A), the operation of the
semiconductor processing apparatus 1s stopped upon detec-
tion of the process abnormality and a recovery measure such
as cleaning 1s taken. For this reason, an uptime of the
apparatus remarkably drops 1in some cases. To prevent the
drop of the uptime of the apparatus, a level for determining
the process abnormality must be set loose.

On the other hand, the method that changes the processing
method (recipe) of the next wafer when process the abnor-
mality develops (FIG. 10B) involves a problem of the
operation of the semiconductor processing apparatus. In
other words, each user has his own qualification of recipes,
and additional effort to qualily a new recipe occurs every
time the user changes the recipe. Further, the semiconductor
processing apparatus and the recipe accessorial to the former
are unitary and when the recipe 1s changed without quali-
fication, responsibility of the processing result cannot gen-
crally be put on a manufacturer of the semiconductor
processing apparatus.

In view of these problems, the invention provides a
method for controlling a semiconductor processing appara-
tus which method can operate the apparatus at a high uptime
without the necessity for changing a recipe for controlling a
Process.

The mvention employs the following means, by way of
example, to solve the problems described above.

The 1invention provides a method for controlling a semi-
conductor processing apparatus including a vacuum pro-
cessing chamber, a plasma generation apparatus for gener-
ating plasma 1nside the vacuum processing chamber, and a
process controller for controlling a process by holding a
process recipe 1ncluding plasma cleaning of the mside of the
vacuum processing chamber constant, wherein the process
controller detects process abnormality of the process on the
basis of sensor data detected by sensors arranged in the
semiconductor processing apparatus, and executes a recov-
ery step lfor removing deposition deposited 1nside the
vacuum processing chamber when the abnormality 1s
detected.

Other objects, features and advantages of the invention
will become apparent from the following description of the
embodiments of the invention taken 1n conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flowchart useful for explaining a method for
controlling a semiconductor processing apparatus according
to an embodiment of the invention;
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FIG. 2 1s an explanatory view of a method for determining,
existence/absence of a process abnormality;

FIGS. 3A and 3B are explanatory views of a method for
determining the end of a cleaning process 1n a recovery step;

FIG. 4 1s an explanatory view for explaining in detail the
recovery step;

FIG. 5 1s an explanatory view for explaining in detail the
recovery step;

FIG. 6 1s a flowchart useful for explaining another
embodiment of the invention;

FIG. 7 1s a flowchart useful for explaining still another
embodiment of the 1nvention;

FIG. 8A to FIG. 8C are explanatory views each usetul for
explaining an example of trend anticipation;

FIGS. 9A and 9B are explanatory views each useful for
explaining causes of occurrence of a process abnormality;
and

FIG. 10A and FIG. 10B are explanatory views each useful
for explaining a process when the abnormality occurs.

DESCRIPTION OF THE EMBODIMENTS

Preferred embodiments of the invention will be explained
hereinafter with reference to the accompanying drawings.
Processing performance of a semiconductor processing
apparatus varies with time as a wafer processing 1s repeat-
edly conducted as described above. When this change with
time proceeds, a processing size ol a structure on a wafer
deviates out of a control limit. In other words, a process
abnormality develops.

Process abnormality develops because deposition 1s
deposited 1nside a processing chamber and interacts with
plasma. As a result, the balance of radicals (active chemical
species) in plasma changes and this change affects the
processing shape, as explained already.

When wafers are processed, twenty-five or thirteen wafers
generally constitute one lot 1n this wafter processing, and
waler processing i1s conducted 1n this lot unit. To prevent the
deposition described above, a cleaning step 1s conducted
whenever one lot of wafers 1s processed or whenever one
waler 1s processed.

The cleaning step 1s the one that removes the deposition
deposited 1nside the processing chamber. When frequency of
this cleaning step and a processing time required for clean-
Ing 1ncrease, an uptime of the semiconductor processing
apparatus drops.

The deposition rate changes with time, though little by
little. Therefore, a fixed cleaning time cannot be optimal
throughout a long operation pertod. When the cleaning time
1s set to a certain longer time to avoid this problem, the
chamber wall 1s always overly cleaned and the parts con-
stituting the processing chamber are worn off rapidly,
thereby causing particle contamination or the reduction of
parts lifetime. For this reason, the cleaning time 1s set to a
substantially appropriate time. In this case, the deposition 1s
oradually deposited, though locally, and the processing
shape gradually changes with the deposition.

Therefore, when the processing 1s continued while the
cleaning time 1s set to the substantially appropriate time as
described above, 1t 1s advantageous to conduct the wafer
processing while a process abnormality due to the deposition
1s being monitored and to 1nsert a recovery step that collec-
tively removes the deposition at the point when the process
abnormality 1s detected. Because the recovery step does not
prove always successtul, however, 1t 1s necessary to deter-
mine success/failure of recovery and to proceed to the next
waler process after the success 1s confirmed.
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4

FIG. 1 1s an explanatory view of the method for control-
ling a semiconductor processing apparatus according to an
embodiment of the invention. First, wafers are conveyed
into a plasma processing apparatus and a predetermined
process 1s conducted (Step S101). At this time, a process
condition 1s monitored by use of monitors. To monitor the
process condition, spectroscopes are used as the monitors,
for example, and detect light emission spectra of plasma.
Electric quantities supplied to the plasma processing appa-
ratus, such as a voltage, a current, a phase difference, etc, can
also be detected by use of electrical sensors. A sensor for
measuring characteristics of plasma or a sensor for measur-
ing the temperature of the processing chamber can also be
used. Next, the detection data of the sensors 1s compared
with a control range (allowance range) of a standard process
to determine whether or not the process 1s normal. This
determination can be made after the end of, or during, wafer
processing.

Incidentally, it 1s possible to use an OCD (Optical CD)
measuring instrument to directly measure a line width of a
device, etc, and to determine process abnormality (appro-
priateness of wafer processing) (Step S102).

When the process condition 1s determined as normal 1n
Step 102, next wafer processing is started (Step S103).

When the process condition 1s determined as abnormal 1n
Step S102, the tlow proceeds to the recovery step. The
recovery step 1s a cleaning step for removing the deposition
developed onto the inner wall of the processing chamber.
This step uses a processing gas suitable for removing the
deposition. Since the recovery step 1s not so frequently
conducted unlike cleaning between the lots, the uptime of
the processing apparatus does not much drop even when the
recovery step is conducted for a certain long time (Step
S106).

After the recovery step 1s completed, whether or not
recovery 1s successfully made 1s determined on the basis of
the sensor data described above (Step 107). When recovery
1s determined as unsuccessful, the operation of the semi-
conductor processing apparatus 1s stopped, and maintenance
such as wet cleaning 1s thoroughly conducted while the
processing apparatus 1s released to the atmosphere. In this
instance, 1t 1s possible to display the failure of recovery of
the semiconductor processing apparatus on a display of the
apparatus, or to nofify a user of the failure through a
communication network (Steps S108 and S109).

When recovery 1s determined as successful, the next
waler processing 1s started and the operation described
above 1s repeatedly conducted for each wafer (Steps S103,
S104 and S105).

FIG. 2 explains a method for determining the existence/
absence of process abnormality. In this case, CMOS-FETs
arc formed on the wafer by use of the semiconductor
processing apparatus and a gate electrode width 1s taken as
a processing size. FIG. 2 shows an example of indices (@)
(estimated values) of a processing size of a gate electrode
estimated on the basis of the light emission spectrum
obtained from the processing of the water surface and actual
values (X). It can be appreciated from the drawing that the
actual processing size can be managed by use of the mndex
because the mdex 1s 1n good agreement with the actual
measurement value. In the case of the drawing, a relative
value 2 to 5 of the processing size 1s set as the control range
(allowance range) of the processing size. It can be appreci-
ated from the drawing that the processing result of the last
waler of the lot narrowly falls within the allowance range.

When the number of sensors 1s extremely large such as
when the spectroscope 1s used as the sensor, the output data
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of these sensors cannot be compared easily with the control
range (allowance range) of the standard processing. In such
a case, 1t 1s advisable to compress the sensor data through a
principal component analysis, for example, to generate a
smaller number of indices, that 1s, a principal component
score, and to use this principal component score 1n place of
the sensor data. It 1s further possible to combine a plurality
of principal component scores to generate indices having
high correlation with the processing size after processing.
Even when the spectroscopes output data for 2,000 wave-
lengths, for example, this method needs only to compare
several indices with the control range (allowance range).

FIG. 3A and FIG. 3B explain a method for determining,
the end of the cleaning processing in the recovery step. The
recovery step shown in these drawings executes two kinds of
plasma cleaning processes having mutually different char-
acteristics (cleaning 1 shown in FIG. 3a and cleaning 2

shown in FIG. 3B) in combination.

When the deposition on the iner wall of the processing
chamber 1s removed through plasma cleaning of the recov-
ery step, the condition of radicals in plasma gradually
changes. When cleaning 1s conducted until the change of the
light emission spectrum extinguishes or becomes small, it 1s
possible to determine that almost all the depositions are
removed.

In other words, to determine the end of the cleaning
processing by the recovery step, the sensor first detects the
spectrum of plasma light emission, the principal component
score 1s generated on the basis of the light emission spectrum
detected, and the degree of progress of cleaning, that 1s, the
degree of progress of recovery, 1s detected on the basis of the
principal component score. When the principal component
score remains within the control range and its fluctuation 1is
below a predetermined value, cleaning 1s determined as
finished. In the example shown 1n the drawings, cleaning 2
having different cleaning characteristics 1s conducted after
cleaning 1 1s completed.

Incidentally, 1t 1s also possible to conduct cleaning for a
predetermined time, to confirm the cleaning result by use of
a sensor and to repeat cleaning when the cleaning result 1s
insufficient.

Deposition that cannot be removed by plasma cleaning in
the recovery step exists from time to time. In such a case, the
sensor data often remains unaltered outside the control range
even when the recovery step 1s repeatedly conducted. In this
case, recovery 1s not possible and the cleaning processing is
stopped.

FIG. 4 and FIG. 5 explain in detail the recovery step. FIG.
4 explains an example where those parts that cannot be
cleaned easily are heated. In FIG. 4, reference numeral 8
denotes heating means such as a heater. Reference numeral
6 denotes a lower wall portion of the processing chamber 1
where the deposition cannot be removed by the plasma
cleaning process. Reference numeral 7 denotes an upper
wall portion of the processing chamber 1. The heating means
5 1s arranged at the lower wall portion of the processing
chamber 1 or on the sidewall of the placement electrode 2.
Incidentally, the same portion as that of FIG. 9 1s denoted by
the same reference numeral and its explanation 1s omitted.

Plasma cleaning i1s conducted while the heating means 8
such as a heater heats the parts that cannot be cleaned easily
by ordinary plasma cleaning, such as the lower wall portion
of the processing chamber 1. Since heating of the processing
chamber requires time, ordinary cleaning cannot substan-
tially conduct such a heat-treatment. In contrast, the recov-
ery step can be conducted 1n the course of 1 to 3 hours, and
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6

the deposition can be efliciently removed as the processing

chamber 1s heated. Incidentally, cooling may be conducted

in place of heating.

FIG. § shows an example where a potential 1s applied to
the parts that cannot be cleaned easily, such as the lower wall
portion of the processing chamber 1. In the drawing, refer-
ence numeral 9 denotes a plasma generation electrode for
supplying radio frequency power to the parts that cannot be
cleaned easily (lower wall portion of the processing chamber
1) and generating plasma in the proximity of the parts.
Reference numeral 10 denotes a radio frequency power
source for generating plasma that supplies power to the
clectrode 8. Incidentally, the same portion as that of FIG. 9
and FIG. 1 are identified by the same reference numeral and
its explanation 1s omitted.

Plasma cleaning i1s conducted by applymng a radio fre-
quency voltage from the radio frequency power source to the
plasma generation electrode 6 positioned in the proximity of
the parts that cannot be cleaned easily by ordinary plasma
cleaning, as shown 1n FIG. 5. As radio frequency power 1s
supplied 1n this way to the proximity of the parts that cannot
be cleaned easily, radio frequency plasma 1s generated 1n the
proximity of the parts. Consequently, the deposition on the
surface of the parts can be efficiently removed.

The recovery step 1s premised on a vacuum processing,
apparatus that controls the process while a process recipe 1s
kept constant during a wafer processing period and applies
ordinary plasma cleaning whenever the waters are processed
in the lot unit or the wafer unit. It 1s the cleaning step that
monitors process abnormality developing with the passage
of time 1n such a vacuum processing apparatus and conducts
cleaning at the point when process abnormality 1s detected.
This step can collectively remove the deposition that cannot
be removed by ordinary plasma cleaning.

Ordinary plasma cleaning generally uses an SF_ gas or a
Cl, gas or their mixed gas to generate plasma and removes
the deposition on the 1nner wall of the processing chamber,
etc, by plasma. The cleaning time 1s generally dozens of
minutes at the longest because of throughput. In contrast, the
recovery step 1s a cleaning step that recovers the condition
of the processing chamber. Therefore, cleaning 1s conducted
by a method different from the ordinary plasma cleaning
method. In other words, the recovery step 1s the cleaning
step having any of the following features (1) to (4).

(1) A cleaning step uses a gas that may impart damage to
parts 1nside the processing chamber when used repeatedly
in ordinary plasma cleaning (chlorine gas, for example),
and conducts cleaning for a long time.

(2) A cleaning step cleans the entire processing chamber or
a part of the member (parts) that cannot be cleaned easily
by ordinary plasma cleaning while heating or cooling the
cleaning object. Since heating or cooling of the process-
ing chamber 1s time-consuming, such a heat-treatment
cannot be conducted 1n ordinary cleaning. The recovery
step can conduct cleaning in the course of about 1 to about
3 hours. Heating or cooling of the processing chamber
makes 1t possible to more efficiently remove the deposi-
tion (see FIG. 4).

(3) A plasma cleaning step applies radio frequency power to
the parts that cannot be cleaned easily by ordinary plasma
cleaning. As radio frequency power 1s applied to the parts
that cannot be cleaned easily, radio frequency plasma 1s
generated 1n the proximity of the parts. In consequence,
the deposition on the surface of the parts can be efficiently
removed (see FIG. §).

(4) A plasma cleaning step applies a bias potential to the
parts that cannot be cleaned easily by ordinary plasma

™
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cleaning (such as lower wall portion of processing cham-
ber 1). As the bias potential is applied to the parts that
cannot be cleaned easily, the 1ons in plasma can be
accelerated to the parts. Therefore, energy of the 1ons
accelerated to the parts increases and the deposition on the
surface can be efficiently removed.

(5) A plasma cleaning step raises a plasma density in the
proximity of the parts that cannot be cleaned easily by
ordinary plasma cleaning. In consequence, the deposition
on the surface of the parts can be efficiently removed. The
plasma density can be achieved through the control of
distribution of the magnetic field generated inside the
processing chamber. In an ECR plasma etching apparatus,
for example, distribution of the magnetic field 1s con-
trolled so that the ECR surface, where the plasma density
1s high, exists in the proximity of the parts.

When a process abnormality 1s determined in Step 1
shown 1n FIG. 1, etc, a recovery step suitable for the process
may be selected and applied from among a plurality of
recovery steps described above.

FIG. 6 shows another embodiment of the invention. In
this embodiment, when a process abnormality 1s determined
after processing of a specific wafer, the recovery step 1s
conducted after processing of the lot to which the specific
waler belongs 1s completed.

In the embodiment described above, a process abnormal-
ity 1s determined for each wafer and the recovery step is
inserted when the process abnormality develops. Theretore,
the recovery step 1s inserted 1n the lot processing.

Generally, however, one lot 1s processed collectively.
When the lot processing 1s interrupted and the recovery step
1s mserted, the processing shapes of the wafers discontinu-
ously change. Therefore, even when the process abnormality
1s detected during processing of the lot, processing of the lot
1s as such continued. After processing of this lot 1s com-
pleted, the recovery step 1s executed and processing of the
next lot 1s then started.

First, the walers are conveyed into the plasma processing,
apparatus and predetermined treatment is conducted (Step
S201) as shown in FIG. 6. At this time, the process condition
1s monitored by use of a monitor. A spectroscope 1s used as
the monitor, for example, and detects a light emaission
spectrum of plasma. Electric quantities such as voltage,
current and phase difference supplied to the plasma process-
ing apparatus can also be detected by use of a probe, or the
like. A sensor for measuring other plasma characteristics or
a sensor for measuring the temperature of the processing
chamber may be used, too. Next, the detection data of the
sensor 1s compared with a control range (allowance range)
of a standard process to determine whether or not the process
1s normal. This determination can be made after or during
the wafer process (Step S202).

When the process condition 1s determined as normal 1n
Step S202, processing of the next wafer is started (Step
S203). When the process condition is determined as abnor-
mal 1n Step S202, the determination result is stored 1n a
memory. Processing 1s not interrupted at this time but
proceeds to Step 203 as a next wafler process step. This
operation 1s repeatedly conducted for each wafer until
processing of the wafers of one lot 1s completed (Steps S204,
S205 and S206).

After processing of one lot 1s completed, whether or not
a process abnormality develops during processing of one lot
is determined (Step S207). When the process abnormality
develops, the recovery step described above 1s conducted.
After the recovery step 1s completed, whether or not recov-
ery (cleaning process) proves successful is determined on
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the basis of the sensor data. When recovery 1s determined as
failure, the operation of the semiconductor processing appa-
ratus 1s stopped and the apparatus 1s released to the atmo-
sphere to conduct maintenance such as cleaning. In this case,
it 1s possible to display the recovery failure condition of the
semiconductor processing apparatus on a display of the
apparatus, or to notify a user of the failure condition through
a communication network (Steps S208, S209, S210 and
S211).

When recovery 1s determined as successiul in Step S207,
processing of the next lot 1s started and the operation
described above 1s repeatedly conducted for each lot (Steps
S212 to S217). Incidentally, since the recovery step S208
and the step S209 for determining success/failure of recov-
ery are the same as the recovery step S106 and the step 107
for determining success/faillure of recovery explained 1in
FIG. 1, respectively, the detailed explanation of these steps
1s omitted.

FIG. 7 and FIGS. 8A to 8C explain still another embodi-
ment of the mvention. This embodiment conducts trend
anticipation as to whether or not a process abnormality
develops during processing of a next lot, and executes a
recovery step when the occurrence of the process abnormal-
ity 1s anticipated.

In this embodiment, indices for determining existence/
absence of a process abnormality are calculated for each
waler from monitor data of spectroscopes for monitoring the
processing condition during, or after, processing of a lot. The
indices may be typical sensor data and principal component
score data acquired by processing the sensor data, for
example. Next, trend anticipation as to whether or not the
process abnormality develops during processing of the next
lot 1s conducted by using the indices. When the occurrence
of the process abnormality 1s anticipated as a result of trend
anticipation, the recovery step 1s conducted. When recovery
proves successiul, processing of the next lot 1s started. When
recovery proves unsuccessful, the apparatus 1s stopped and
an alarm 1s raised to conduct maintenance.

Initially, the waters are conveyed into the plasma pro-
cessing apparatus and predetermined process i1s applied
(Step S301) as shown 1n FIG. 7. The processing condition is
monitored by use of monitors such as the spectroscopes.
Next, indices for determining existence/absence of a process
abnormality are calculated from each wafer from the moni-
tor data of the spectroscopes, or the like. Electric quantities
such as voltage, current and phase difference supplied to the
plasma processing apparatus can be detected by use of
clectrical sensors. A sensor for measuring other plasma
characteristics or a sensor for measuring the temperature of
the processing chamber can be used, too. Next, the indices
calculated from the detection data of the sensors are com-
pared with a control range (allowance range) of a standard
process to determine whether or not the process 1s normal.
This determination can be made after, or during, processing
(Step S302).

When the process condition 1s determined as normal 1n
Step S302, processing of the next wafer is started (Step
S303). When the process condition is determined as abnor-
mal 1n Step S302, the determination result 1s stored in the
memory. Processing 1s not interrupted at this time but
proceeds to Step 303 as the processing step of the next water.
This operation 1s repeatedly conducted for each wafer until
processing of one lot is completed (Steps S304, S305 and
S306).

Next, trend anticipation 1s made as to whether or not a
process abnormality develops in processing of the next lot
on the basis of the indices calculated from the detection data
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of the sensors described above (Step S307). When the
occurrence of the process abnormality 1s anficipated as a
result of the trend anticipation, the recovery step 1s executed
(Steps S308 and S309) and when not, processing of the next
lot is started (Steps S313 to S318). When the recovery step
S309 1s completed, success/faillure of recovery 1s deter-
mined. When recovery 1s determined as failure, the opera-
tion of the semiconductor processing apparatus 1s stopped,
the apparatus 1s released to the atmosphere and maintenance
such as cleaning 1s carried out. It 1s possible at this time to
display the recovery failure state of the semiconductor
processing apparatus on 1ts display, or to notily the user of

the recovery failure condition through the communication
network (Steps S310, S311 and S312). network (Steps S310,

S311 and S312).
Because this method determines whether or not process

abnormality occurs before processing proceeds to lot pro-
cessing, 1t becomes possible to avoid continuation of the
waler process under the process abnormality condition.
FIG. 8 explains an example of trend anticipation. FIG. 8A
is a graph prepared by plotting wafers (wafer Nos. 1 to 15)
belonging to a certain specific lot X and the processing
results of these wafers (relative values of processing sizes).
FIG. 8B is a graph prepared by plotting wafers (wafer Nos.
1 to 15) belonging to a lot X+1 processed subsequent to the
lot X and the processing results of these wafers (relative
values of processing sizes). Here, it 1s assumed that the mean
value of the indices 1n the lot X 1s 3.5 and the mean value

in the lot X+1 1s 4.2.
In the case of this example, the mean value of the indices

in the lot rises by +0.7 when processing shifts from the lot
X to the lot X+1. It 1s therefore possible to anticipate that the
mean value of the indices of the lot 1s 4.9 1n processing of
the next lot X+2. Assuming hereby that the distribution of
the relative values 1n the lot 1s equivalent to the distribution
in the lot X+1, the anticipated value of the indices in the lot
X+2 1s the sum of the index of each wafer of the lot X+1 and
0.7. In the example shown 1n FIG. 8C, the anticipated value
of the index starts exceeding the control range from the fifth
waler of the lot X+2. Therefore, the recovery step 1s
executed before starting processing of the lot X+2.

The explanation given above 1s based on the premise that
cleaning treatment 1s conducted 1n the recovery step. How-
ever, other processes can be to the semiconductor processing
apparatus or to 1ts processing process. It 1s similarly possible
to etch a dummy walfer supporting thereon a material such
as aluminum (Al) and to deposit aluminum on the inner wall
of the processing chamber. These processes can initialize the
interior of the processing chamber to the condition corre-
sponding to the processing process.

As explained above, the invention can provide a method
for controlling a semiconductor processing apparatus
capable of operating at a high uptime without changing a
recipe for controlling the process. It should be further
understood by those skilled in the art that although the
foregoing description has been made on embodiments of the
mvention, the invention 1s not limited thereto and various
changes and modifications may be made without departing
from the spirit of the invention and the scope of the
appended claims.

What 1s claimed 1s:

1. A process control method 1in a semiconductor process-
Ing apparatus, having a vacuum processing chamber, for
processing walers in a lot of wafers 1n accordance with a
process recipe, comprising the steps of:

(a) executing a first plasma cleaning within the vacuum

processing chamber at every processing of one lot of
wafers;
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(b) detecting an abnormality of the process on a basis of
sensor data detected by a sensor disposed 1n the semi-
conductor processing apparatus with respect to at least
one waler of the one lot of wafers; and

(c) when the abnormality of the process is detected during
processing of at least one wafer of the one lot of wafers
in the step (b), executing a second plasma cleaning
within the vacuum processing chamber under a condi-
tion different from the first plasma cleaning at a timing
which 1s after termination of processing of all wafers of
the one lot of waters which includes the at least one
wafler and before starting of processing of a next lot of
wafers.

2. A process control method according to claim 1, wherein

the first plasma cleaning has a constant cleaning time
period, and

the method further comprises the step of determining
whether or not the second plasma cleaning 1s successiul
based on sensor data detected by the sensor.

3. A process control method according to claim 1, wherein

the first plasma cleaning uses a mixed gas including one
of an SF, gas and an O, gas, and

the second plasma cleaning generates plasma by using a
Cl, gas.

4. A process control method according to claim 1, wherein

the process 1s controlled by holding a process recipe.

5. A process control method 1n a semiconductor process-
ing apparatus, having a vacuum processing chamber, for
processing walers 1n a lot of wafers 1n accordance with a
process recipe, comprising the steps of;

(a) executing a first plasma cleaning within the vacuum
processing chamber at every processing of one lot of
wafers;

(b) detecting an abnormality of the process on a basis of
sensor data detected by a sensor disposed in the semi-
conductor processing apparatus with respect to at least
one wafer of the one lot of wafers; and

(c) when the abnormality of the process is detected during
processing of the at least one wafer of the one lot of
wafers in the step (b), etching a dummy wafer support-
ing thereon a material which 1s to be deposited on an
inner wall of the vacuum processing chamber at a
timing which 1s after termination of processing of all
walers of the one lot of wafers which includes the at
least one wafer and before starting of processing of a
next lot of wafers, thereby to deposit the material of the
dummy wafer on the inner wall of the vacuum pro-
cessing chamber.

6. A process control method according to claim 5, wherein
the first plasma cleaning has a constant cleaning time period,
and

the method further comprises the step of determining
whether or not the etching step 1s successtul based on
sensor data detected by the sensor.

7. A process control method according to claim 5, wherein

the first plasma cleaning uses a mixed gas including one
of an SF, gas and an O, gas, and the material 1s one of
aluminum and silicon.

8. A process control method according to claim 5§, wherein

the process 1s controlled by holding a process recipe.

9. A process control method 1n a semiconductor process-
Ing apparatus, having a vacuum processing chamber, for
processing walers 1 a lot of wafers in accordance with a
process recipe, comprising the steps of:

(a) executing a first plasma cleaning within the vacuum

processing chamber at every processing of one lot of
wafers;
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(b) executing trend anticipation as to whether or not a 10. A process control method according to claim 9,
process abnormality occurs during processing of a next wherein
lot of watfers to be processed before starting the pro- the first plasma cleaning has a constant cleaning time
cessing of the next lot of wafers, on a basis of sensor period, and
data detected by a sensor disposed 1n the semiconductor 5 the method further comprises the step of determining
processing apparatus with respect to at least one wafer whether or not the second plasma cleaning 1s successiul
of the one lot of wafers; and based on sensor data detected by the sensor.

(¢) when occurrence of the process abnormality during the 11. A process control method according to claim 9,
processing of the next lot of wafers 1s anficipated wherelin
during processing of the at least one wafer of the one 10  the first plasma cleaning step uses a mixed gas including
lot of wafers or after termination of processing of all an SF. gas and an O, gas, and
wafers of the one lot of wafers in the step (b), executing the second plasma cleaning generates plasma by using a
a second plasma cleaning within the vacuum process- Cl, gas.
ing chamber under a condition different from the first 12. A process control method according to claim 9,
plasma cleaning at a timing which 1s after termination 15 wherein
of processing of all wafers of the one lot of waters the process 1s controlled by holding a process recipe.

which includes the at least one wafer and before
starting of processing of the next lot of wafers. £ %k ok k
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